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ABSTRACT

At Los Alamos Natlonal Laboratoryv, peosclentists have as-
sembled and Integrated 30 geological, geochemical, and geophys-—
fval data sets with 4 Landsat bands for the Montrose 1 x 2°
quadrane !+ Colorado. A graphlcal presentation, which allows
three ata wets o ke viewed simaltaneously, . emploved to
tecilitate the interpretation.  Analysis ol one of the three=-
data=set combimations (copper, lead, zine) detines, spatially
and peochemtcally, all the mining districts in the quadrangle
amd vl new Intorration relating to bhase and precicus metal
mines alicat fon. Analysis ot two other threo=data=-set combina-
tlhone lvaprosdium, hatnlum, scamdlam;  and  potassium, Pichiom,
titanium) indicates that the pranites {n the Sawatch Ranpe aae
of difterent trace-clement componition (and theretore, ponsibly
of difterent ordpln) than the granftes fn the Mosquito  Ranpe.
This technique permlts rapld analvals of  tremendous amounts  of
data aad the interence of corretative informat{on that s not

fnherent In single data secs.



INTRODUCTION

At Lns Alamos National Latoratory, geosclentists have assembled and
integrated 30 geological, geochemical, and geophysical data seets with
4 Landsat bands for the Montrose quadrangle, Colorado. Originally Iinter-
preted to Identify areas 1in the quadrangle with potential for wuranfum
mineralization (Bolivar and others, 1981), further Interpretation of these
ditz has ylelded new information regarding base and precious metal mineral-
fzatlon In the quadrangle and the structural relatlions of Precambrian granitcs
In the area. These observations and {nterpretations are discussed herein.

Even In the Geosclences, diata do not become knowledee untll aralyzed.
At the rate geolople data are belng collected, evaluation of all avallatle
data relating to anv given problem s rapidly becaming impossible. In the
Inited States alone, propgrams suech as the Natlfonal! Uranfuam Resource Evaluat fon
(NURE) and the Conterminous United States Minerals Assessment Program (CUSMAPR)
are generating tremendous amounts of geochemical and peophysiceal data.  Sasel-
Htes, such as Landsat and Magsat, provide plattorms {rom which many other
physical measurements are collected.  Theese data are relayed back to ecarth In
such quantities that the capaclities of even the largedt eomputers are taxed In
processing vhem. By traditional methods ot data manapgement and evaluation, a
thoroupgh analysis of the data trom jJust one of these programs would require
tens ol vears ta complete.

At Los Alamosn, the Data Intepration/Remote Sensing project s addressing
such data manapement probleme, and more faportantly, the timely transiormat lon
ot data o'y knowledpe. Major goals of this project are (1) the development
of automated techmigues for rapld atlttzation of all pgeolopfeal data, () the

understanding of the totervelationshipa ot the data tvpes, and (D) the applt



catlon of the derived knowledge to solution of geoaclence problems. A new
method of graphical presentation of data has been developed. This technique
allows a rapid, visual analysis of each data set and also provides a method
for viewinz meveral data sets simultancously. The procedure yields not onlv
Information acen in one data set, but reveals subtle features that are visible

only in dats combhinations.

DATA AND PROCEDURES

The Montrose 1° x 27 quadrangle In west-central Colorado (approx. 19,200
sy km) was chosen as the study area to test application of data intepration
techniques to problems In an arca ol diverke geolople terrane containing var-
Fwe Finds of minerallzation and ore deposits.  The area 15 alvided Into three
ma jor phvsiographic provinces: the Sawatch=tGunnison ervstalline terrane, the
San Jduan and West Elk volcands flelds, and the Colorado Plateaun (Flge 1).  The
Sawateh=Gunnison ervstalline terrane (neludes the northeast third of the quad-
ranple and consists ot Precambrian Jdgneons and metamorphie rocks, Intruded by
Tertiary plutomle rocka.  Gentral ond southern portions ol the quadrangle are
covered by Tertlary voleanle sequences trom the West Elk and San hian valcanle
centirse The western one third comprises Mesozofe sedimentary unlts of  the
Colerado Platean. Extending diajponally acrons the quadrangle from southwed
to portheast s the Colorado miveral belt (Tweto, 196R), 4 zone ol precious
and bawe metal deposfta.s Pranfom mioerallzatfon In found it several locatinne
within th: quadeanplre.

Maltiwource data are avgllable for the Montrose quadvanple. The kinde
ol data used for this study are penchemleal, peophvaleal, Landsac Imagery,

peolape, and mines and mineral ocenrrenses.  The pgeochemieal data e trom the



NURE Yydrogeochemical and Stream Sediment Reconnaissance. Los Alamos completed
two surveys in the Montrose quadrangle, resulting in a total of 3965 sample
locations (Broxton and others, 1979; Maassen, 1981). The present study in-
cludes geochemical data for 24 of the 45 elements analyzed for in the two NURE
surveys (Tahle I). The NURE Aerial Gamma Ray ani Magnetic Survey provided the
geophysical data used: equivalent thor{ium, equivalent uranium, percent potas-
slum, and magnetics (geoMetrics, 1979). All four Landsat bands, from the
lfandsat 2 imige, October 28, 1976, were incorporated. Tne geology was taken
from the Montros> reconnalssance geologic map (Tweto and others, 1976). The
57 formations described in the Tweto report were reduced to 13 geologic unlts
ot similar ape and lithology. The mine and mineral-occurrence data were com-
plled from Truebe (1974) and Nelson-Moore and others (1978).

The Integration process presently requires all data to be at the same
redalution and resistratlfons A l=km resolution was chosen on the basis ot the
preochemical sampling Jensitye  The I-km prid was registered to Universal Trans-
verye Mercator (U'TM) coordinates. The smallest UTM rectangle containing the
entlive Montrose quadranple has dimecsions of 179 by 119 kllometers. Ditierent
interpoiation methods were used on the varfous data types to obtaln values for
oach ot the 213010 prid eella, each ot which contains o numerfcal value tor
each ot the 34 data sets, A prid cell, as relerred to in this ropore,
represents bath o l-sq-km arca ol pgrouna {a the Montrose quadrangle and g
serles of parametric values in the Montrose data base.

The peochemfical data are trom sample sites that statlstfoally are ran-
domly spaced locations.  These pofnts are assumed to be reglonalized varl
abless  That s, they are redated o some manner to the values of pofnts some
dist:nee away==the turther the distance, the less the etloct (Maiheron, 1961).

A varlopram, a plot ot acmivarfance va dlatance, s aned to detine the ronge
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over which the varlables are interdependent and to determine a function or
model that approximates the relationship. Universal kriging was employed to
interpolate the value of the grid points from nelghboring sample locations
using the function determined by the variograms. The functions ranged from
spherical, to cubic, to gaussian, to combinations of these models.

In a similar manner, kriging was also used to Interpolate the geophysi-
cal data to the grid. Here, the algorithm that computes the variogram first
smooths and subsamples the data along the flight line, then uses the smoothed
points In the varlogram ccmputations. It was also th~.e subsampled polints
that the kriging alporithm used to interpolate to the grid cells (Bollvar and
others, 19R8]),

The Landsat data are spatfally complete to 60-m resolution. After rotat-
Ine and regivteringe the imape to the quadrangle bhoundary, these data were
subaarpied o the l-km resolution wsing o nearest-nelpghbor alporithm. The
pealopic information was fncorporated by digitizing, In three colors, a trans-
parency made trom the peologfe map, then subsampling to the prid. The diplt-
fzatfon was performed on a scanndng mlicrodensitometere  The prid cells con-
tafning mines and mineral occurrences were (dont! fled.

A common analysis technlque s to overlay data sets to visually examine
data tor correlattfons. Simulating the screen of [mage-processing equipment,
an fmape of each data set was generated by plotting magnitude of the value In
oach prid cell ag intonsity of Hpht.o Stople data wets when displaved, show
overall distribations of the vatues.  Three data wets can he overlald o this
minner by projecting cach data set o a d{f{ferent baslce color (red, pgreen, or
blue). A computer program generated all possihle comblinatlons ot three data
setu and output the plota to 15-mm color sallde f1lme Thia provides a perman-

ont record ol the combinatfons and a convenfent method for viewing the correl-



ations. This capability, not practical until now because of computational
constraints, 1s significant because it allows all combinations to be studied.
After viewing all the combinations, many relationshkips become apparent. Cer-
tain data patterns correiate well with a particular geologic unit. Some com-
binations correlate well with certain rock types. Others indicate drainage
and, possibly, paleodrainage systems. Certain combinations clearly indicate
structure. Three of the combination plots will be discussed. Since color
reproduction i{s not available for this pap.:, black and white plots are pre-
sented. On these plots, white indicates low values and black indicates high

values with 2154 gray levels in between.

COPPER-LEAD-ZINC MINERALTZATION

The Colorade mineral helt, a zone contalning most of the preclous and
hise metal deposits In Colorado, extends diagonally through the Montrose quad-
rangle, from southwest to northeast. The minceral belt cuts across the north-
northwesterly structural grain of the Rocky Mountalns and mav be related to a
Precambrian shear zone (Tweto and Sime, 1963).  Ore deposlts of the bhelt
include molvhdenum, lead, silver, zinc, goid, and copper. The major mining
districts in the Montrose quadrangle are Indicated Irn Fig. 2. The combinatlion
of copper, lead, ard zine (Fig. 1) wpatially defines all the major mining
districts. While this might result from sampling downstream of taflings
plles, there are other arean that have high copper, lead, or zine values, but
vhere there are no known occurrences or mines.  Figure 4 (llustrates this.
All ol the copper, lead, or zine mines and occurrences are superimposed upon a

plot ol the grid cells where copper, lead, or zine values are greater than one
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standard deviation above the mean (3-5Z of all values). Some of the areas
with high geochemical values and without occurrences can be considered
favorable for mineralization.

Local background concentrations of copper, lead, and zinc are relatively
consistent across the quadrangle; 902 of copper values are less than 50 ppm,
857 of lead values are less than 40 ppm, and 852 of zinc valuea are less than
200 ppm. When metal concentrations are elevated over small areas, they give
strong Indications that mineralized zones are present. In two areas north of
the Lake City district, copper values are slightly elevated tc 150- 375 ppm,
hut lead and zinc values are higher--500-1100 ppm Pb and 1000- 1600 ppm 2n.
The area along the south rim of the Bonanza cald-ra, south and east of the
Bonanza King district, has one {identified mineral occurrence. Copper values
of 600-1000 ppm, 1lead values of 600-1500 ppm, and zinc values of 1000~
4750 ppm throughout the entire area south of Bonanrza King Indicate more than
one occurrence of mineralization. Although there may not be economic quan-
tities of ore In these arcas, Lt is Intriguing that they have the samc
characteriatics anm the major mining districts. 1In contrast, the cluster of
occurrences in the center of the quadrangle are adits or pits In small veins
and pegmatite dikes with little evidence of profitable mining. In this area,
copper, lead, and zinc values show little varfacion ahove background, which
indicatens no ma jor concentrated mineralization in this region.

Another obscervation from the Cu=Ph=Zn combination relates to the Ouray
district, In the southwest corner. Here, nlnea occur on efther side of the
Uncompahgre River, which flnws northwest off the north flank of the Sflverton
caldera. Ores of thin district were deposited in two separate perfods of min-
crallzation (Burbank and Luedke, 1968). In the carlier porlod, Late Creta-

cooud to Early Tertiary, two distinct kinda of orce were deposited. One has 4



pyritic/base-metal mineralogy, with silver, gcld tellurides, and native gold.
The other is a siliceous and baritic silver-lead ore with some ruby silver and
native silver. In contrast, the Late Tertiary mineralization 1s associated
with gold-quartz veins that contain silver and gold. The pyritic-gold ores
are concentrated on the west side of the Uncompahgre River, while the silver-
lead ores are mostly on the east side. The later gold-silver ores are located
only on the east side. The plots of coprer, lead, and zinc all show a dis-
tinct concentration change from southwest to northeast. This abrupt change
corresponds with the course of the Uncompahgre River. Other elements that
echo this georhemical trend are cobalt and manganese.

Considerably more information can be inferred from careful study of the
Cu-Pb-Zn comhination. That the mining districts are evident in this combina-
tion gives credibility to both the sampling techniques and the smoothing
alporithmy. The  additional  anomalous areas, then, are potentially very
Interesting. The correlation between ore mineralogy and element varlations
within a district promises that this technique may be useful in rapidly de-
termining the minceralopy of areas that have not had the benefit of extensive

geological exploration.

SAWATCH PRECAMBRIAN GRANITES

The Precambrian granites exposed in the northeast corner of the Montrose
quadrangle are the core of the Sawatch anticline (Tweto, 19A8). Superimposced
on the eastern flank of this anticline {s the Arkansas River graben, part nf
the Rio Grande Rift, which separates the granites of the Sawalch Ranpe from
the granftes of the Mosquito Range. The Sawatch anticlinal region, reacti-

vated during the Laramide orogeny, was first uplifted during the Pennsylvanian



Ancestral Rockies orogeny. Upilirown blocks are bounded by major faults that
show 5,000-10,000 ft of displacement (DeVoto, 1972). One of these faults, the
Mosquito-Weston fault system, is the eastern bounding fault on this portion of
the Rio Grande Rift. After studying two three-element combinations (dyspro-
sinm, hafnium, scandium; and potassium, lithium, titanium) it 1is noticed that
the granites on the east side of the rift have different trace-element com-
positions froam those on the west side, suggesting that these two granites may
be derived from different sources.

Images of these six elements are shown in Figure 5. Comparing chem with
the Precambrian outcrop map (Fig. 6), only one element, dysprosium, has high
concentrations in both granites. Its mean value 1n the Mosquito Range is much
higher than in the Sawatch Range (see Table II). Hafnium, scand{um, and tita-
nium have significantly higher concentrations in the Mosquito Range. Potas-
sium and lithfum have just the opposite trend, but are not as dramatically
different. The crystalline province has higher aversge concentrations of
potassium and lithium than the rest of the quadrangle. But within the pro-
vince, the Sawatch Range 1s higher than the Mosquito Range. The varlations of
these six elements, and others also, cannot be fully 2xplafned by differentlial
vertical displacement of the two granites. No f{nterpretation is offered at
this time except to suggest lateral movement along this fault system at some
time. Integration of data from other quadrangles along the rift {s essentlal

before a comprehensive explanation can be proposed.



TABLE 11

MEAN VALUES FOR SELECTED ELEMENTS

(all values in ppm)

Savatch Mosquito
Element Range Range ggadranale
Dysprosium 10.1 16.0 5.4
Hafnium 19.7 62.1 12.2
Potassium 21,011.0 20,248.0 17,360.0
Lithium 49.7 47 .6 32.6h
Scandium 11.7 19.4 10.3
Titanium 4633.0 8522.0 4774.0
CORCLUSION

At Los Alamos Natlional Laboratory, geoscientlsts have Integrated 34
multisource data sets: for the Montruvse quadrangle, Colorado and developed a
computer program which graphically prcasents all possihle combinatlions of three
data wets. Analysis of thesc combinations produces {information that Iu
obvious In single data sets, and Informatlon that Ls contalned only in combhi-
nations of data. Patterns obscrved define minerallzed ,eplons, repfonal

geology, and suggest lucul mineralogy. Surprisingly, reglonal patterns yleld

-10-



new information about the character of the Precambrian granites in the Montrose
quadrangle and atout the structural and tectonic history of the Precambrian 1in
the Rocky Mountains. The data integration technology described provides a new

tool to rapidly analyze and interpret large amounts of data.
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TABLE I

DETECTION LIMITS AND ANALYTICAL METHODS FOR SELECTED ELEMENTS

Minimum

Detection Limit Method of
Element Symbo) (in ppm)d Analysisb
Aluminum Al 200 NAA
Arsenic As 5 XRF
Barium Ba 400 NAA
Calcium Ca 5000 NAA
Cer ium Ce 10 NAA
Cotalt Co 2 NAA
Chromium Cr 20 NAA
Coppe- Cu 10 XRF
Dysprosium Dy 2 NAA
Iron Fe 2000 NAA
Hafn iym Hf 1 NAA
Petassium K 3000 NAA
Lithium Li i ES
Mangitese Mn 10 NAA
Lead Pb 5 XRF
Scandium Sc 0.1 NAA
Selenum Se 5 XRF
Thor ium Th 0.8 NAA
Titar ium Ti 2G0 NAA
Vanadium ) 5 NAA
Zirconium lr 5 VRF
inc Zn 30 NAA
Uranium
(in sedment) Us 0.0l N’
Uranum
(1n water)¢ Uw 0.02 (in ppb) F

8 Because of elemental interference, detection limits will shift a5 4
funcrtion of sediment composition.

b NM « neutron activation analysis, XRF = x-ray fluorescence, ES - arc-
source emission spectroscopy, DNC » drlayed neutron counting, F = fluorometry,

C A1l water samples with uranium conzentrations »40 ppb are reanalyzed by
DNC.



108 W 107'' W
0N e e . _ L
’ | T l.l.ull-),-”'//’j//\. \'\\I;Hn:co
godlrodgo A\ N &
. - N
a Cresteds \\\\\\‘
Butte @ s
<

| .
— . !J!.u co_-'__
MONTRDN CO L

—

=

-

S -~

30“'-'“ <o,
[}

gy,

Powderhorn
[ ]

30”&
[T '-'/Il(llf,(/[

b -‘;; Al O ) M'Ts
(A4
L]
@ Lake City l N
t '
[ ——— -l
"

........
us i YRR 1)

Ll 20
Faool, Lecation amd drafnape map tor the Montrose guadvangloy Colora o,



Fiypa )

ELCMONTS:  Cu
g , : i
v
y I
Y
-+
'..
. .
-9 2l
'1 I
Fig.3a. Copprur
. [ L Pl
I ‘ .b v .
; »
' & , d
.! ! ) LI
’ ’ r} "
| Y
OV |
i &“' -‘ld
| .
Fiy 3b Lead
I
ll (ISR "

Fiy

»
4. % . Ny
e 1‘5" , ‘(‘.

lea 7200

Grav=level fmagpes of kriped consentration values tor llu \hHHI(Hu

quadranple (Towest values are whive and hiphest values

cbhlack),



108 ' W 107 ' W 106 ;.N
o | T g e O *’*\- &
@ Cedaredpe N c"““ T Y |’_‘-' \

° l RUBY R"""--,-"-,-'._'-'Z ; T '_.
Paonla | (Mo.Ag.2n.Ph.Cu} A SN I -'th_ (3 2 - J
I . .‘Imcup R g e '.'1

' 9-Au.Ph)
: eme , .CHALX CREEK
— . DhYA co . x IAu.A. [ 1Y Cu !nl
MONTRT €O GOLD BRICK-QUARRY CRR o
! (Ag.Au.Pb.Mo.W.Be.LIND.Ta) . ‘ .lOWNs %
o YoMicHI R AN
. Ounnhon' . "' In.Ag.Cu.Aul \* S .ollda
® Montrose : : C MONAHCH

o“"o

r__..'_'__.'_..'.“_:._" "..L _—1"

T \ 6 1 I
OURAY (O -j_ .J o "l ot\r BONANZA KING -
. \ (Ag.Pb.2n.Cu.Av)
gTUNCOMPAHGRE. Gk"";_;‘.cc._._' ..-_.!
5 leQ.AU.Pb Cu.ln) HINSDAL CO T l
. RN\ o o ®
2 I K ) 4 LAKE CITY Beguacrs
g NP o @Crey,T . iAgPuAuCuln MAGUACHE 1O 38'N
'OU " w ‘07 W ‘%. W
0 30 .
EEE
Kilomerers

Flpe2e Major

metal mining districts In the Montrose

quadrangle, Coloradoe,



Cu PB 7N

——
! S

Do
, o ) .t:‘

Flew oo toran are e el oy 'Ly or dn o vencentration viines preater taan
e tad devlatlon abese roan oy Guel38ppay P 10T, n Cdppe,.
Mo o=l ad s hodn rark 1catiions of Cay Phy oor Fnoelnes or



Fig.ba. Dysprosium (>8ppm).

Fipohbe Hatuiam (=21ppm).

ipa e Scandtum (1 dppm),

Fig.5d. Putassium (>2088Cppm).

CormrnTs: g

Fip.5c, Lithium (“46ppm).

<A
) .95 _

) ‘o
én

Fipahte THtantum (=62 79ppm),

Flpohe Grav=level fmapes of kriped element concentration values preater than
I standard deviatfon above mean for the Mont rose quadrangle,

PR —




Flp.». Quterop map of Precambrlan tranite,



